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MEMORANDUM
May 25, 1987

To: Fi]es

4

From: Lynn Singleton“and Joseph Joy

Subject: Spokane River Data

This memo documents work completed on the Spokane River during 1980 and
1981. The surveys and information presented here represent efforts of
Art Johnson, Shirley Prescott, Tim Determan, Dale Norton, John Bernhardt,
and ourselves.

The five surveys included are a response to information and/or data

needs of the Spokane River Wasteload Allocation Study (URS, 1981).

Their compilation at this time is to ensure the data are not lost. The
surveys are as follows: (1) Spokane River Point Sources; (2) Spokane
River Dissolved Oxygen Levels Below Long Lake; (3) Groundwater Samples
Around Long Lake; (4) Spokane River Time of Travel; and (5) Water Quality
of Long Lake Embayments.

Spokane RiVer Point Sources

The study was a cooperative effort by the Environmental Protection

Agency (EPA) and the Washington Department of Ecology (WDOE). The purpose
of the study, as it was originally designed by EPA, was to identify sources
and sinks for nutrients and metals between Post Falls and Hangman Creek.
Data collection occurred during four different flows. The first survey
was solely conducted by EPA. WDOE then became involved in the project

and expanded the sampling to include all Spokane River point sources
within the state. WDOE was responsible for the quantification and
qualification of these sources, whereas EPA monitored river discharge

and water quality. The original project by EPA has been completed and a
report drafted (Yearsley, 1981). The point source data collected by

WDGE is presented here. Point source locations are presented in Figure 1.

Materials and Methods

Acid-washed, 24-hour compositors were set up at the final discharge
of each point source. Samples were drawn at 30-minute intervals
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Figure 1. Spokane River point sources. After URS (1981).
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and composited in the iced carboy of the compositor. After 24
hours, subsamples were taken from the composite, kept at 4°C, and
delivered to the Olympia environmental laboratory within 24 hours.
These samples were analyzed as per APHA.AWWA.WPCF (1980) for con-
ductivity, pH, total phosphate-phosphorus, orthophosphate-phosphorus,
nitrate-nitrogen, nitrite-nitrogen, ammonia-nitrogen, total solids,
total nonvolatile solids, total suspended solids, total nonvolatile
suspended solids, turbidity, chemical oxygen demand, biochemical
oxygen demand, chloride, chromium, copper, iron, nickel, lead, .
zinc, and mercury. Grab samples were collected for fecal coliform,
oil and grease, phenolics, and cyanide and shipped as per com-
posited samples. Temperature, dissolved oxygen (Winkler method),
pH, specific conductance, chromium +VI, and total residual chlorine
were determined in the field. Flows were determined from either:
(1) plant discharge records; (2) Manning Dipper flow meter; or (3)
calculations using weir and instantaneous head height.

Results
Table 1 contains data collected from the point sources. Loadings

have been calculated from the 24-hour composite samples-and grab
samples where appropriate (Table 2).

Spokane River Dissoived Oxygen Levels Below Long Lake Dam

A dissolved oxygen survey was made in the Spokane River between lLong

Lake and Little Falls dams on September 26, 1980. Profiles were made at
mid-stream with an IBC D.0. meter at five stations. The meter was
calibrated against a sample analyzed using the Winkler method just prior
to the field work. In situ measurements were made at two-meter intervals
from surface to the bottom.

Temperatures and D.0. concentration at each site indicated the river
waters were homogeneous. Mean values have therefore been reported where
appropriate (Table 3). The mean D.0. was below the Class A criterion at
all statjons; however, the increase in D.0. concentration between sta-
tions 4 and 5 possibly indicates the standard of 8.0 mg/L would be met
before Little Falls Dam was reached, approximately 1.7 miles down stream.
Turbulence caused by Little Falls Dam would also increase aeration. The
data appear to indicate that the Tow D.0. is confined to the 4.8-mile
reacn between Long Lake Dam and Little Falls Dam.
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Table 1. Effluent concentrations of selected parameters from Spokane River point sources - continued. A1l values are

given in mg/lL unless otherwise noted.

Fecal Tatal
_ Coliform Klebsiella ' Hg Flow
Date ‘ 8005 (org/100 m1)  (Percent) Chloride Cd Cr Cu Fe Ni Pb In {ng/L) (MGD)
INLAND EMPIRE PAPER COMPANY - RM 82.6
3/31/80 3,000
4/01/80 >60,000 1/
24-hr. comp. 160 <0.01 <0.01 0.01 0.11 <0.05 <0.05 0.02 <0.20 2.15
6/10/80 , 300 1/, 67,

200 T/ 25
6/11/80 1,000 1/ 100,

560 1/ 80 _
24-hr. comp. 64 5 <0.01 <0.02 0.03 0.25 0.05 <0.05 0.02 2.19
2/10/81 o0 :
2/11/81 0 .
24-hr. comp. 90 3 <0.01 <0.02 0.08 0.13 <0.03 <0.07 <0.01 0.24 2,40
"MILLWOOD STP - RM 82.3
6/10/80 . 2,400 1/ <1
6/11/80 190,000-1/ 0 , :
24-pr. comp. 520 _ 19 <0.01 0.07 0.55 10.5 <0.05 0.10 1.2.. 0.02
2710/81 - >7,400 1/
2/11/81 950 :
24-pr. comp. 58 18 <0.01 <0.02 0.04 0.32 <0.03 <0.07 0.12 0.60 0.04
CITY OF SPOKANE STP - RM 67.3
3/31/80 19 1/
4/01/80 27 7 ' ‘ C
24-hr. comp. 4 - <0.01 <0.01 0,03 0.04 <0.05 <0.05 0.3 0.25 36.0
6/10/80 31/ 0
6/11/80 ’ 31/ 0 :
24-hr. comp. 50 72 <0.01 <0.02 <0.03 0.36 <0.05 <0.05 0.11 36.0
2/10/81 41/
2/11/81. . 771/ .
24:hr. comp. <10 90 <0.01 <0.02 <0.01 0.06 0.05 <0.07 0.04 0.48 28.4
NORTHUEST TERRACE STP - RM 64,3
3/21/80 - y
4701780 - <Y
24-Hr. comp. <10 : <0.01 <0.01 0.02 <0.01 <0.05 <0.05 0.06 .0.25 0.12
6/10/80 51 0
6/11/80 47/ 0
24-hr, comp, & : 70 <0.01 <0.02 0.01 <0.05- <0.05 <0.05 0.04 0.11
2/10/81 0
2/11/81 0
24-hr. comp. <10 77 <0.01 <0.02 <0.01 <0.02 <0.03 <0.07 0.04 0.24 0.15

1/ Estimated population based on nonideal plate counts.
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Table 3. Results of dissolved oxygen survey on the Spokane

River, September 26, 1980.

Maximum Dissolved
Depth Diss. Oxygen Mean
River Sampled Oxygen (percent . Temperature

Station Mile (meters) (mg/L) saturation) (°C)
Long Lk. Dam 33.9
1 33.6 8 4.9 49,2 16.0
2 33.3 8 5.7 57.2 - 16.0
3 32.9 5 5.8 58.2 -16.0
4 32.6 8 5.9 59.2 16.0
5 : 31.0 9 7.1 71.0 -16.0
Little Falls
Dam 29.1

Cause of Low D.O.

" The dissolved oxygen concentrations in the river below Long Lake

Dam have fallen below the state D.0. criterion of 8.0 mg/L regu-
larly each year. . Historically, this problem has appeared as early
as July and may extend through November (Figure 2) (unpublished
WDOE data). The lowest level observed below Long Lake Dam was 1.5
mg/L in 1977 (Soltero, et al., 1978).

Long Lake's anoxia was first described by Cunningham and Pine
(1969). The impoundment stratifies and then the lower waters
become anaerobic due to detrital decomposition. As the season
progresses, the volume of anoxic water increases. The elevation of
the anoxic water strata behind Long Lake Dam can éxtend up to the
levels of the power penstocks (Soltero, et al., 1978). It appears
that the withdrawal of this anaerobic or low D.0. water occurs and .
causes the D.0. criterion to be violated downstream. The D.O.
concentration in the water column behind the dam at the power
penstock level does not always correspond to the D.0. concentration
observed on the same date and similar time below the dam (Soltero,
et al., 1973; 1978, unpublished data). A linear regression of the

“mean water column D.0. behind the dam at station O versus the

downstream D.0. gave correlation coefficients of .91 and .82 for
1972 and 1977, respectively, for the periods July through November.
These relationships suggest that the mean D.0. concentration behind
the dam is the predominent factor influencing D.0. concentration
downstream. The density gradients behind the dam influence the
strata from which water is drawn. Other factors ‘influence the -
downstream D.0. levels by effecting the reaeration rate; e.g.,
temperature of mixed water below the dam, and turbulence downstream
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is a function of the amount of water discharged by the dam. Al1 of
these effects influence the D.0. levels below Long Lake Dam.

Long Lake still experiences summer stratification and D.0. deple-
tion in the hypolimnion behind Long Lake Dam (Soltero, Nichols, and
Mires, 1981). This has persisted in spite of efforts to decrease
productivity by Timiting phosphorus inputs to the reservoir. As
Tong as stratification and subsequent D.0. depletion of the hypo-
limnion waters behind Long Lake Dam continues, the Spokane River
will experience seasonal D.0. criterion violations below the dam.

Groundwater Samples Around Long Lake

Nutrient samples were collected and analyzed as per other samples from
two private wells located on the north bank of Long Lake at approxi-
mately r.m. 46.1. Both wells are in sand. Well #1 is about three years
old and well #2 is over ten years old. The wells are about 300 feet

- apart. The data are presented in Table 4. The higher nitrate-nitrogen
and orthophosphorus concentrations in well #2 may indicate it is in-
fluenced by septic drainage.

Table 4. Nutrient concentrations of wells adjacent to Long Lake.

“Well o
Depth Distance NO3-N. NOo2-N NO3-~N 0-POg-P
No. (ft) from Shore (mg/L) (mg/L) (mg/L) (mg/L)
] 32 300 0.85 <0.01 0.02 <0.01
2 60 : 100 v 1.6 <0.01 0.04 0.04

Spokane River Time of Travel

The time-of-travel data were needed by URS Company for their modeling
work on the Spokane River. Data were needed for the reach between the
Idaho/Washington state Tine (r.m. 96.0) and Nine Mile Falls Dam (r.m.
58.1). The survey was conducted during September and October, 1980.

Methods -

The river was divided into four reaches. .Travel time for each
reach was determined separately. A single slug injection of Rhoda-
mine WT dye was made at mid-channel at the upper three reaches,
whereas dye was simultaneously injected at two points at the Fort
George Wright bridge. The lower end of a reach was monitored

14
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continuously with a Turner 111 Fluorometer equipped with a sub-
mersible pump, a flow-through cell, and a strip chart recorder.

The primary filter was a combination of a 1-60 and 58 with the 1-60
closest to the 110-850 lamp. The secondary filter was a 23A. This
combination of filters and lamp is appropriate for Rhodamine WT dye
(Turner Associates). Dye dosage requirements were determined using
the methods of Kilpatrick (1970). Daily flows were obtained from
the Washington Water Power dam gaging station at Post Falls. This
station (USGS station 12419000) was used as the reference station
for all work. Data were analyzed by methods of Kilpatrick, Martens
and Wilson (1970). Additional data from an earlier study were also
used. .

USGS and WDOE were involved in a cooperative effort in 1968 to
establish travel times on the Spokane River. This work was also
confined to the area between Stateline and Nine Mile Falls Dam.

The preliminary data, collected during a 7,200 cfs flow and a 3,610
cfs flow, were obtained from USGS in Tacoma. The data analysis had
been completed for the first flow event; however, the second re-
quired additional analysis. A report was never issued.

The 1968 USGS/WDOE work divided the river into eight reaches during
the January 23-25 survey and nine reaches during the April 24-25
survey. Their work differed from the latest WDOE effort in that
one large slug of dye was injected at Stateline and monitored as it
proceeded down stream. This is a preferable way to monitor time of
travel; however, it requires more than one fluorometer and several
teams of people. .

Results and Discussion

The data from all three surveys are presented in Table 5. Data

were interpolated in the 1980 survey for the reach between Fort
George Wright Bridge and Nine Mile Falls Dam. The dam causes river
velocities to change dramatically in the reach. The average velocity
of the upriver reach was used to calculate travel time to r.m. 65.0
(Tocation of last rapids). The remaining time was used to calcu-
Tate the velocity for the lower part of the reach.

The log of flow (Q) versus the log of time (t) should be a straight
line function (Kilpatrick, Martens and Wilson, 1970). Travel versus
time flow from Stateline to Nine Mile Falls Dam for all three
surveys was regressed and shown to follow the equation:

Int=-0.72(In Q) + 9.46 r2 = .999

As can be seen by the coefficient of determination (rz), the fit 1is
very good. This indicates that the results obtained during the |

15



Table 5,

Note:

Date(s)

Mean Post Falls

Flow(s) (cfs)

| =

WDOE
Time of Travel
Sept. .23-25, 1980;
October 7-9,1980

WHOE/USGS
Time of Travel

Jan. 23-25, 1968

1690; 1700 3610 7200
e e e e e e e e e e e e e e e d9-miTe dam pool r.m. 58.1
At* = 18.74 At = 9.37 At = 5.43
ad* = 6.9 M = 3.8 i = 3.8
V* = 0.54 V=0.59 V=1.03
"""""""""" e e e s e =7 mile bridge r.m, 61.9
at = 2.77 ) At = 1.63 .
At = 23.88 sd =4.3 ad = 4.3
ad = 11.7 V=228 V=3.87
V= 0.72 amad ~t-last rapids r.m. 65.0
At* = 5.14 R Bowl and pitcher Y.m. 66.2
ad* = 4.8 at = 3.58 At = 2.78
v* = 1,37 Ad = 6.7 . Ad = 6,7
V=274 V= 3.53
e o e e ~f—Fort Wright Bridge r.in. 69.8
At = 10.70 U300 W ittty ettty £e =73 —1—Spokane gage r.m. 72.9
ad = 10.0 Ad = 2.0 Ad = 2.0 .
V= 1,37 = 1,96 : = 4.02 s o
! _._V___1___9 --------- —--—*-—--y-—‘-‘-—--mwswn St. Bridge r.m. 74.9
At = 2.82
Ad = 4.6
. V=239
e e e = mm =t Greene St. Bridge r.m. 78.0
At = 10.50 :
ad = 7.7 .
e e e el V= 1,08 ﬁg = 3?7 —1—Upriver dam power house r.m. 79.8 .
V=1.3
[ U - =t mm e —— =~~~ Argonne Road r.m. 82.6
- At = 19,82 At = 2,14 At = 1.58
Ad = 7.3 od = 2.7 Ad = 2.7
V= 0.5 V=18 V= 2.51
e e e e e e e — =}~ Trent Road Bridge r.m. 85.3
At = 2.72 At = 1.73 '
________________ ad = 5.1 ad =5.1 I d bri
V< 2.75 T - 432 Railroa br1d?e r.m.. 87.1
At = 8.66 |
Ad = 8.9 - '
¥ = 1.51 e e e et e e v mam e o o m = e — ot Barker Road r.m. 90.4
At = 3,10 At = 2,20
sd = 5.6 sd = 5.6
V=2.65 V=373
ntadeteiaiedetadebalidindaty sindabadedediedd e R e il ~= i~ Stateline Bridge r.m. 96.0
Tat = 63.06. IAt = 35.68 TAt = 22.37 .
zad = 37.9 . . Iad = 37.9 zad = 37.9
V= 0.88 V= 1.5 V= 2.48
*Interpolated results not empirical.
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three surveys are in agreement and can be used together. Such
verification is fortunate as the data represent a range of flows
and allows estimations of travel times outside the observed range
to be extrapolated. Figure 3 shows the regression plot mentjoned
above for the study area (r.m. 58.1 to 96.0) extrapolated to the 1
day in 10-year low and high flows. The flow recurrence values were
generated from flow data collected between 1914 and 1968 at Post
Falls and provided by the USGS office in Boise, Idaho. Table 6
shows a range of travel times estimates for the study area.

Table 6. Selected travel times for the Spokane River from
Stateline (r.m. 96.0) to Nine Mile Falls Dam (r.m.
58.1) using the equation In t = -0.72(1n Q) + 9.46.

Q

Post Falls t
(cfs) (hours)
300 211.3
700 o ©114.8
1,100 ' 82.9
1,500 66.3
1,900 55.9
2,300 48.8
2,700 ' 43.4
3,100 39.3
5,000 27.9
10,000 16.9

It is also possible to estimate travel times for specific reaches
within the study area using only the USGS/WDOE data. The equations
(Table 7) represent the travel time for any Post Falls flow for
reaches between Stateline and Nine Mile Falls Dam.

Table 7. Equations for Spokane River travel times
(t = hours) at flows (Q = cfs) measured at
Post Falls, Idaho (USGS 12419000).

River Mile Range Time of Travel Equation

61.9 - 58.1 Int =-0.79 (In Q) + 8.71
66.2 - 61.9 Int =-0.77 (In Q) + 7.31
72.9 - 66.2 Int = -0.37 (In Q) + 4.28
74.9 - 72.9 Int=~1.04 (In Q) + 8.95
82.6 - 74.9 Int=-0.74 (In Q) + 8.43
85.3 - 82.6 In t = -0.45 (In Q) + 4.42
90.4 - 85.3 In t = -0.66 (In Q) + 6.37
96.0 - 90.4 Int =-0.50 (In Q) + 5.20
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Water Quality of Long lLake Embayments

One of the concerns of the Long Lake Environmental Association (Peter—
son, 1980) is that the water quality of Long Lake's embayments is dif-
ferent than the water quality of the mid-channel areas sampled by Ray
Soltero (Eastern Washington University). Two synoptic surveys were
conducted by WDOE to investigate this concern. The first survey was
held on June 12, 1980. Four embayments and their adjacent mid-channel
sites were sampled (Figure 4). Two samples were collected at each site;
a surface grab, and a bottom sample via a Kemmerer water sampler. The
second survey on August 27, 1980, sampled two embayments and the re-
spective offshore areas. Depth profiles were made at each site and the
extent of the euphotic zone was determined with a submarine photometer.
-~ Euphotic zone composites were made for chTorophy]] a analysis. All
samples in both surveys were placed on ice, shipped, and analyzed as
previously noted.

Results and Discussion

The June 12 survey occurred during spring runoff when the reservoir
was obviously flowing. The data indicate (Table 8) that the water
quality of the embayments was similar to the mid-channel areas. No
distinct differences were noted between conditions at the upper end
of the reservoir, Nine Mile Resort, and the lower reservoir site at
Sunset Bay.

The August 27, 1980 (Table 9) survey occurred when flows were low
and phytoplankton densities were at their seasonal high (Soltero,
Nichols and Mires, 1981). The data show the embayment water quality
to be very similar to the epilimnion waters at mid-channel.

Both the June and August surveys indicate that the water quality of
the embayment areas is the same as the mid-channel areas. This is
not to say that the floating algal mats occasionally observed on
Long Lake during a bloom do not accumulate due to wind action and
cause both aesthetic and water quality perturbations in the bays.

LRS:JJd:cp
cc: John Bernhardt

Carl Nuechterlein
Section Files

19



45.4

Long Lake_Dam

Nine Mi]e Falls Da

Scale approximately 1:161760

Figure 4. Map of Long Lake depicting river -mile of sites where embay-
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1978).
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